SUMMARY: Single-stranded DNA conformation polymorphism (SSCP) analysis of PCR-products obtained by amplification of part of the cytochrome b gene was applied to identify the fish species in canned tuna and sturgeon caviar. Single-stranded DNA was separated by native polyacrylamide gel electrophoresis and visualised by silver staining. Specific patterns of single-stranded DNA (123 nt) were obtained for a number of tunas and bonitos allowing reliable identification of the species being canned. lntra-species variation of the pattern was observed in case of skipjack (Katsuwonus pelamis).
INTRODUCTION
The increasing trade of fishery products, over-fishing of many stocks, and growing demand for fish and shellfish are leading into a situation where traceability and declaration control of fishery products are becoming more and more important. Recently developed techniques of DNA-analysis, mainly based on PCR, offer a tool-bag being useful also for fish species identification.1) The application of DNA-sequencing and several secondary methods like restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), and SSCP analysis to authenticate seafood products have been critically reviewed 2) Compared to canned salmon or herring, canned tuna was found to be one of the most difficult products to analyse due to the severely degraded DNA, which on the average is shorter than 200 base pairs 3) As fragments of this size are most suitable for fish species differentiation by SSCP ,4) we have developed a SSCP-based method for differentiation of canned tuna and bonito species 5) The results of applying this technique to analysis of commercial products from the German market are renorted here .
The second type of product we have analysed by SSCP offers an impressive example of destruction of natural fish resources by over-exploitation and pollution . As the stocks of many sturgeon species are exhausted and some species even are threatened by extinction , the trade of sturgeon caviar has been restricted since 
RESULTS

AND DISCUSSION
Analyses of canned tuna
More than 15 species of tunas and bonitos, differing in quality, price and tariff, are processed to canned fish ( Table 1 ). The most important species for the German market are yellowfin tuna and skipjack. During analysis of commercial cans by SSCP the following species were detected, either as single ingredient or in mixtures: yellowfin, albacore, bigeye, Southern bluefin, skipjack, frigate mackerel, kawakawa and Pacific bonito. Figure 1 gives an example of the patterns of some references and commercial cans, which in this case contained frigate mackerel (can no 1,2,5 and 6) or skipjack (can no 3 and 4). After having analysed a larger number of cans, polymorphism of the pattern of ssDNA for skipjack became obvious, corroborating previous results? Three varieties of patterns are shown in Figure 2 , which possibly may represent skipjack from different populations. The amplicon of two of the varieties were sequenced and found to be different (C>T) in one position out of 123 nt (data not shown).
Although the results obtained by SSCP are highly depending on the electrophoretic conditions applied, like temperature, gel composition, buffer and additives8) it was confirmed by a collaborative study that the method was reliable, robust, and sensitive if standard operation procedures are used.7) With the exception of T. thynnus and T. albacares, which have the same sequence of the DNA section amplified,10) the following species could be differentiated by their specific patterns of ssDNA: T, thynnus/T. albacares, T. obesus, T. alalunga, K pelamis, A. thazard, S. chiliensis, S. sarda, S. australis, E. affinis and E. alletteratus. T. thynnus and T. albacares can be differentiated by PCR-RFLP (restriction fragment length polymorphism) 3) Table 1 Names of tuna and bonito species In sturgeon caviar of good quality the DNA is less degraded than in canned tuna allowing amplification of targets, which encompass more than 450 bp.11) As an alternative to the more time-consuming PCR-RFLP technique for identification of sturgeon species,11) we have developed SSCP methods using short (116 and 123 bp) amplicons 9) The availability of new types of polyacrylamide gels for DNA-electrophoresis gave us the opportunity to resolve longer fragments of ssDNA.
By the duplex PCR-SSCP method we have achieved simultaneous amplification of a 123 by section together with a 464 by section of the cytochrome b gene (Figure 3 ) allowing differentiation of closely related sturgeon species within a single run. In further studies more sturgeon species will have to be included, as the stocks of traditionally processed species like H. huso (beluga), Acipenser gueldenstaedti/A. persicus (osietra) and A. stellatus (sevruga) are exhausted and new sturgeons, either from wild catch (A. schrencki, H. dauricus) or from aquaculture (A. baeri, A. transmontanus) will be used for caviar production in the future.
Conclusions
SSCP was found to be suitable for species identification in processed fish, like canned tuna or sturgeon caviar. As the method is very sensitive in detecting exchange of bases, only short amplicons (<150 bp) are needed enabling analysis of degraded DNA. SSCP is simple, fast and cheap, making the method attractive for application in food control laboratories. Disadvantages are the need to run references and samples side by side on the same gel, and the unpredictability of the electrophoretic mobility from the sequence. However, systematic variation of the electrophoresis conditions allows reliable and efficient detection of sequence mutation in genes .12)
